This study focused on developing an efficient and cost effective processing technique for Moringa oleifera seeds to produce natural coagulant for use in drinking water treatment. The produced natural coagulant can be used as an alternative to aluminum sulphate and other coagulants and used worldwide for water treatment. This study investigates processing Moringa oleifera seeds to concentrate the bio-active constituents which have coagulation activity. Moringa oleifera seeds were processed for oil extraction using electro thermal soxhlet. Isolation and purification of bio-active constituents using chromatography technique were used to determine the molecular weight of the bio-active constituents. The molecular weight of bio-active constituents found to be in a low molecular weight range of between 1000 -6500 Dalton. The proposed method to isolate and purify the bio-active constituents was the cross flow filtration method, which produced the natural coagulant with very simple technique (oil extraction; salt extraction; and microfiltration through 0.45 µm). The turbidity removal was up to 96.23 % using 0.4 mg/L of processed Moringa oleifera seeds to treat low initial turbidity river water between 34-36 Nephelometric Turbidity Units (NTU) without any additives. The microfiltration method is considered to be a practical method which needs no chemicals to be added compared to other researchers proposed methods. The natural coagulant produced was used with low dosages to get high turbidity removal which considered to be a breakthrough in this study and recommended to be scaled up for industry level. The product is commercially valuable at the same time it is minimizing the cost of water treatment.
Introduction
Developing countries are facing potable water supply problems because of inadequate financial resources. The cost of water treatment is increasing and the quality of river water is not stable due to a suspended and colloidal particle load caused by land development and high storm runoff during rainy season, such is experienced in a country like Malaysia. About 1.2 billion people still lack safe drinking water and more than 6 million children die from diarrhea in developing countries every year. In many parts of the world, river water that can be highly turbid is used for drinking purposes. World Health Organization (WHO) has set the guideline value for the residual turbidity in drinking water at 5 Nephelometric Turbidity Units (NTU) [1] . As identified by the United States Environmental Protection Agency (USEPA), turbidity is a measure of the cloudiness of water; it is used to indicate water quality and filtration effectiveness. Higher turbidity levels are often associated with higher levels of disease-causing micro organisms such as viruses, parasites and some bacteria. These organisms can cause symptoms such as nausea, cramps, diarrhea, and associated headaches [2] .
Water-borne infectious disease caused by viruses, bacteria, protozoa and other micro organisms is associated with outbreaks of and background rates of disease in developed and developing countries worldwide [3] .
Naturally occurring coagulants are usually presumed safe for human health. Earlier studies have found the Moringa oleifera seeds are non-toxic, and recommended its use as coagulant in water treatment in developing countries.
Moringa oleifera is the best natural coagulant discovered so far that can replace aluminum sulphate (alum), which is used widely for water treatment around the world.
The consumption of alum is very high in water treatment in Malaysia. The main concern in this study is low turbidity water which was difficult to be treated according to other researcher's presentations. The ideal plant for low turbidity water treatment in Malaysia is Wangsa Maju Water Treatment Plant (Puncak Niaga (M) Sdn Bhd) which was used for comparison in this study, the process flow sheet (Appendix A). The plant is working to treat the low turbid water with initial turbidity of 30 NTU or less. The process depends on using several additives to get residual turbidity of less that 5 NTU. The dose of alum usually used is between 13-18 mg/L, chlorine is added with an amount of 3.55 Kg/hour, and for post chlorination 5.5 Kg/hour, besides adding fluoride 0.5-0.6 mg/L, lime (CaCO 3 ) for pH adjustment, and Chamfloc 151 sludge dewatering with an amount of 3% w/w. Some chemicals are local and some are imported (Personal communications). Therefore, this study focused on the treatment of low turbidity water.
Materials and Methods
The proposed method to isolate and purify the bio-active constituents is the cross flow filtration method, which produced the natural coagulant with very simple technique (oil extraction; salt extraction; and microfiltration through 0.45 µm). Process flow chart is shown in Figure 1. 
Preparation of Moringa oleifera seeds
Good quality dry seeds of Moringa oleifera were selected from the pods that were collected from Serdang, Selangor Darul Ehsan, Malaysia. The pods collected were allowed to completely dry on the tree (the brown colour pods) because the green pods do not possess any coagulation activity [4] .
The pods length ranged between (40-60) cm, and each pod contained around (20-30) seeds. The seeds coat and wings were removed manually, followed by the grinding of the seeds into a fine powder using a domestic blender (National, MX-896TM), then sieving the ground powder through 250 µm sieve (Figure 2 ).
Oil Extraction
Prior to extraction of bioactive constituents through ion exchange resin, the ground and sieved Moringa oleifera seed powder with size of < 250 µm was defatted with hexane by using electro thermal soxhlet apparatus (ROSS, UK). This was done by weighing of 10 gm of Moringa oleifera seed powder and setting it in the thimbles of the electro thermal soxhlet extraction chamber, adding 170 ml of hexane in the heating chamber, then evaporating of hexane through three cycles each for 30 min to ensure the extraction of oil from the seeds, until the hexane became colorless, drying of Moringa oleifera cake residue from the soxhlet thimbles and weighing the dry sample [5] .
The Moringa oleifera cake residue stock after oil extraction was used in this study; the oil percentage was 35 % w/w. The sample of 1 Kg was defatted and kept to be used throughout the study period at room temperature a round 23±2 ºC. 
Salt Extraction
The extraction was done by adding a sloution of 1 Molar NaCl to the sample and mixed for 30 minutes using the magnetic stirrer (ERLA, ERLA Technologies (M) Sdn. Bhd. Malaysia). The extracted solution was centrifuged at 6000 rpm for a period of 10 minutes using the centrifuge (Eppendorf, 5804R, Germany). The supernatant was injected to ion exchange column.
Ion Exchange Process
The ion exchange technique was followed to isolate and purify the bioactive constituents for molecular weight measurements. The steps of the process were as follows:
Buffers Preparation
Two buffers were prepared for this stage of research as follows:  Phosphate buffer stock (1 M): Phosphate buffer stock (1 M) with pH 7.5 was made by adding 174.16 gm of di-potassium hydrated phosphate (K 2 HPO 4 , GmBH Chemicals, Germany) into 900 ml of distilled water. The pH of the solution was 9.41 which were adjusted to 7.5 by adding 5 M HCl. The preparation of the buffer stock solution was finalized by adjusting the volume to 1000 ml by adding distilled water.
 Buffer A (0.1 M phosphate buffer): Preparation of 0.1 M phosphate buffer was by adding 100 ml of 1 M phosphate buffer stock into 900 ml of distilled water, 0.02 % NaN 3 was added to the solution as anti-bacterial agent.
 Buffer B (1.0 M NaCl in 0.1M phosphate buffer): This buffer was prepared by adding 58.44 gm of NaCl (GmBH Chemicals, Germany) to 900 ml of buffer A, and adjusting the volume to 1000 ml.
Preparation of the Column
The Glass Column (300×25 mm, with Bio-Rex Resin 70, Bio-Rad, USA) was used for ion exchange. The resin (Bio-Rex 70) was prepared by adding the resin powder to buffer A, and mixing the contents until the slurry was homogenous. Afterwards, the slurry was loaded to the glass column. The resin was then washed with 2 M NaCl to remove any impurities that may be present in the resin. It was then washed with buffer A to equilibrate the column to be ready for the loading of the sample.
Loading of the Sample to Ion Exchange Column
Equilibrate the column with 300 ml of 0.1 M phosphate buffer. Loading 30 ml of the extracted proteins sample as prepared in 2.3 above. Applying buffer A with an amount equal to twice of the column volume (300 ml) to wash all the unwanted negative charged proteins. Applying buffer B with 1 M NaCl, and buffer (A and B) and mixing them before sending to ion exchange. The flow rate was adjusted at 2 ml/min, and the fractions collected were 120 fractions with 5 ml volume each. Measuring absorbance of fractions using spectrophotometer (SEC-OMAM, Anthelie Advanced, France) at wave length 280 nm. The absorbance for the eluted fractions is plotted and 11 points were chosen for molecular weight measurements as shown in Figure 3. 
Determination of Molecular Weight
High performance liquid chromatography (HPLC) equipment was used. The bio-active constituents purified by chromatography technique were injected to HPLC to determine the molecular weight. Eleven points were The buffer used for HPLC was prepared as follows: 0.5 M NaH 2 PO 4; 0.5 M Na 2 HPO 4 : 1.5 M NaCl; and 0.10 M NaN 3 . The buffer used as a mobile phase for the HPLC is mixture from the above solutions as follows: 100 ml of 0.5 M NaH 2 PO 4 , 100 ml of 0.5 M Na 2 HPO 4 , 100 ml of 1.5 M NaCl, 100 ml of 0.10 M NaN 3 . Subsequently by adding the above solution to one litre flask and completing the volume to 1000 ml by adding distilled water. The buffer prepared is contained the following concentration: 0.05 M NaH 2 PO 4 , 0.05 M Na 2 HPO 4 , 0.15 M NaCl, 0.01 M NaN 3 with pH = 6.8, and this Eluant is used as mobile phase in HPLC.
Cross Flow Filtration
The proposed method of microfiltration and ultrafiltration were performed for bioactive constituent's separation. The microfiltration followed by ultrafiltration was carried out as follows:
Microfiltration
The use of microfiltration was to reduce the organic load in the processed Moringa oleifera seeds. Cross flow filtration (QuixStand Benchtop System, Sweden), with peristaltic pump (Watson-Marlow Bredel Pumps, Falmonth Cornwall TR 11 4RU, England) was used. The microfiltration cartridge (CFP-4-E-3MA) were used for sample filtration with pore size of 0.45 µm with a fiber ID 1mm, membrane area 110 cm 2 , and nominal flow path length 30 cm. The structure is a polysulfone membrane which operates in a vertical orientation complete process fluid drainage. It is typical for concentration and purification of proteins, and suitable for scaling-up studies (GE Healthcare Bio-Science Corp. USA). The supernatant was then injected to ultrafiltration cartridge.
The new cartridge needs to be washed although it is shipped dry. It was washed with warm distilled water (55 °C) and rinsed for 5 minutes at a pressure of 0.3 bar (5 psig).
Ultrafiltration Process
The Xampler ultrafiltration cartridge (UFP-1-C-3M) was used for bioactive constituents separation with cutoff of 1000 Dalton, with fibre ID 0.5 mm, membrane area 140 cm 2 , and nominal flow path length 30 cm, the type of membrane is polysulfone hollow fibre type (GE Healthcare Bio-Science Corp. USA).
Coagulation Activity Tests
The jar test was performed to monitor the coagulation activity of the processed Moringa oleifera seed in water treatment.
Synthetic Water (Kaoline Suspension) Preparation
A weight of 5 gm of Kaoline, laboratory grade (K7375, particle size 0.1-4 µm, Sigma-Aldrich), was dissolved with 500 ml of distilled water. Sodium bicarbonate solution with concentration of 100 mg/l was prepared by adding 100 mg of sodium bicarbonate (GmBH Chemicals, Germany) to 1000 ml of distilled water; Adding 500 ml of the sodium bicarbonate solution to the kaoline; Stirring the mixture at 200 rpm for 60 minutes to uniform the dispersion of clay particles. The suspension then was allowed to stand for 24 hours for complete hydration of the kaoline [4, 6, 7] . This is the stock kaoline solution for the coagulation activity evaluation throughout the study period and this stock was diluted a few times to get the turbidity needed for each particular test.
Jar Test
The jar test was performed for each stage of purification process to monitor the coagulation activity. The method applied was according to [5] with rapid mixing of 125 rpm for 4 minutes, followed by slow mixing of 40 rpm for 25 minutes and settling time of 1 hour. The jar test was carried out using (Stuart Flocculator SW6, Barloworld, UK) equipped with six paddles rotating in a set of six beakers. A turbidimeter 2100P (HACH company, USA) was used for all turbidity measurements.
Results and Discussion
The molecular weight of the chosen eleven points for this study showed different low range molecualr weight (Table 1). All the points have low molecular weight which is ranged from 6500 to less than 1350 Dalton. The eluted fractions from the ion exchange column were used to monitor the coagulation activity and measuring the turbidity removal using the conventional jar test method. The results of turbidity removal percentage are tabulated in Table 2 . The main concern in using Moringa oleifera for water treatment is the significant increase in organic load, as organic matters originating from the seeds can be released into the water during treatment [8, 9] . The presence of organic matter in treated water can cause problems of colour, taste, and odour, and also facilitates the development of microorganisms upon storage [10] . Jahn [11] reported that water treated with crude Moringa oleifera extract should not be stored for more than 24 hours. The crude extract is therefore not generally suitable for large water supply systems where the hydraulic residence time is very high. Oil extraction is of a great advantage here, to reduce the organic load from the seeds, and to produce edible oil as a by-product. It is clearly possible to extract oil first and then use the aqueous extract as a coagulant. This dual exploitation is even advantageous for isolation and purifying the active agents in the coagulation with Moringa oleifera seed and also for the reduction of organic matter concentration in the treated water [4] .
Two steps were followed to produce the natural coagulant by cross flow filtration. The first step was microfiltration, which is important for reducing the organic matters concentration. The main concern here is to filter all the oil from the seeds to reduce the organic content, because it can act as a precursor of trihalomethane formation during the disinfection process by chlorine which may be carcinogenic [8] . It is also may be postulated that the oil content in the seed will form an emulsion or film coating which may inhibit the contact with the surface of reaction and thus reduce floc formation. Extraction of the oil may therefore enhance the turbidity removal, resulting in better coagulation and flocculation [12] .
The second step was ultrafiltration with 1000 Dalton cutoff membrane. In this study a simple scalable purification method was found. This is a straightforward production method of processed Moringa oleifera for water treatment.
The sample of Moringa oleifera seeds was processed as mentioned in Subsections 2.1, 2.2, and 2.3. The extract from the salt extraction process was filtered with Whatman filter paper #1 to remove all the solids from the extract. It was then applied for microfiltration with 0.45 µm microfiltration cartridge. Ndabigengesere & Narasiah [8] used 0.45 µm for microfiltration but the extraction method was with water, followed by many complicated steps to produce the coagulant, and the chemical oxygen demand increased by increasing the dose. No other research has been done on the microfiltration process. Permeate collected from microfiltration process was applied in the QuixStand Benchtop System apparatus to separate the retentate and permeate according to the molecular weight cutoff of 1000 Dalton.
The jar test was performed by using synthetic water and applying the three samples produced from: 1) microfiltration (0.45 µm), 2) the retentate of ultrafiltration (1000 Dalton), and 3) permeate of ultrafiltration (1000 Dalton), and the results of residual turbidity are shown in From the results obtained, 0.45µm microfiltration, showed a low residual turbidity of 1.32 NTU by adding 0.4 mg/L of processed Moringa oleifera to the synthetic water samples (Figure 4 ) with turbidity removal of 96.23 %. Also, there is no significant improvement by using ultrafiltration with 1000 Dalton after using microfiltration ( Figure 5 ) because the retentate was 95 % of the total volume of the sample which is not economically feasible. By using a dose of 0.4 mg/L of the retentate, the residual turbidity was 2.29 NTU which is not much different from the result obtained from microfiltered sample through a 0.45 µm membrane. On the other hand, the use of permeate, gives residual turbidity of 2.38 NTU by using a double dose which is 0.8 mg/L (Figure 6 ) compared to the retentate dosage. This means that the bioactive compounds were passing to the permeate. Furthermore, for the ultrafiltration, it was observed that the bioactive constituents were covering all the molecular weights presented in the sample, because 5% of permeate of ultrafiltration gave good coagulation activity only by using the double dose (0.8 mg/L gave 93.20 removal efficiency and 0.4 mg/L of retentate gave 93.46 % removal efficiency). The result indicated that there was no improvement in the product quality using 1000 Dalton ultrafiltration membrane. The ultrafiltration method involved the use of 1000 Dalton due to low molecular weight of less than 6500 Dalton (salt extraction method), in contrast with Ndabigengesere et al. [4] where the molecular weight was 13000 Dalton (water extraction method). The latter discovered out that the active components were retained on the 10000 Dalton membrane, while passed through the 30000 Dalton membrane.
Conclusions
The results showed that the cross flow filtration with microfiltration was sufficient to produce the natural coagulant with a more efficient and cost effective technique. It was observed that microfiltration with filter size of 0.45 µm is enough to produce a natural coagulant with good coagulation activity. It was clear in this study that to include ultrafiltration step in the production process was considered as a loss, besides the waste of time and labour. The ultrafiltration was not beneficial because permeate was very low, and separation was inadequate to improve the coagulation activity.
